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XVIII. On the Laws regarding the Dii-ection of Tltermo-electric 
Currents enunciated by M. Thomas. By CHARLES H. LEES, 
D.Sc., F.R.S., Professor of Physics in the East London 
College, University of London *. 

IN number 8 of the Bulletin de la Classe des Sciences of 
the Academie Royale de Belgique for 1909, M. Bruno- 
Joseph Thomas enunciates the following laws as the result of 
his examination of the direction of the electric current pro- 
duced in more than 100 thermo-couples :- 
‘( 1. When a difference of temperature is established be- 

tween the two junctions of a thernio-electric couple, the 
current produced flows from the hotter to the colder junction 
through the metal which is electrically the better conductor, 
if the product of the coefficient of electrical conductivity of 
that metal by the coefficient of thermal conductivity of the 
other metal exceeds the product of the coefficient of thermal 
conductivity of the first metal by the coefficieut of electrical 
conductivity of the second. 

“ 2 .  If the former product is less than the second, the 
current flows from the hotter to the colder junction through 
the metal electrically the worse conductor. 
“ 3. If the two products ore equal no current is produced.” + 
The author states further that a t  different temperatures 

“ for a given couple the strength of the current produced 
increases with the ratio (“ rapport ”) of these two products, 
and other things remaining equal, the strength will be pro- 
portional to that ratio ” $. 

M. Thomas supports his theory by 14 pages of tables, 
in which the values of the products for each of the 105 
couples which can be obtained by combining together in pairs 
the 15 metals of Becquerel’s thermo-electric series, are com- 
pared. Not a single exception to the theory is found, and at 
first sight it appears as if M. Thomas had succeeded in 
establishing a most important and hitherto unsuspected law 
of connexion between the thermo-electric properties of a 

* Read February 25, 1010. 
t Bulletin, C ~ S P  des Sciences, Roy. Acad. Belg.  1909, p. 903. 
3 Ilkt p. 9%. 
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metal and its conductivity for heat and for electricity. On 
more careful examination, however, it is seen that M. Thomas 
in his tabular proof has based his argument entirely on the 
order of the metals in Becquerel’s thermo-electric series, on 
the heat conductivities of 7 of the metals according to  
Berget, of 2 others according to Wiedemann and Franz, aiid 
on the electrical conductivities of 12 of them according to  
Latimer Clark, and of 1 other according to Becquerel. Of 
the heat conductivities of the 9 metals thus obtained 
M. Thomas states himself that he modifies 4 by amounts 
varying from 2 to 10 per cent. in order to make the values 
of the products fit in with his laws *. As he had no values 
for the heat conductivities of the remaining 6 metals, 
nor tor the electrical conductivities of 3 of the metals, he 
states himself that he assumes values for these quantities 
which fit in with his law?. 

It cannot be claimed that such a method of treatment pro- 
vides a firm support for  the theory advanced by M. Thomas, 
and it is necessary to examine it more critically in the light of 
the more accurate values of the constants which are available. 

In  the first place, i t  is possible to put the theory into a 
more coinpact form than that adopted by M. Thomas. 
According to him, if electrical conductivity of the hetter 
electrical conductor x heat contluctivity of the worse electrical 
conductor is greater than electrical conductivity of the worse 
electrical conductor x heat conductivity of better electrical 
conductor the thermo-current flows from hot to cold in the 
better electrical conductor. 

If, on the other hand, electrical conductivity of better 
electrical conductor x heat conductivity of worse electrical 
conductor is less than electrical conductivity of worse elec- 

* With  regard to the values for these four metnls-copper, gold, iron, 
and lead-hI. Thomas says (p.  904) :-‘‘ Si j e  les acceptais tels qu’ils 
sont, j’aurais necessairement uti petit nombre de couples dont le sens du 
courant ne repondrltit pas & nies lois. J e  les ai donc modifies leghrement 
ainsi qu’il suit :-” 

f Of the latter quantities 31. Tlioinas says (p. OW) :--‘‘Je ne connais 
ni les coefficients de conductibilit6 Blectrique, ni les coefficients de COP 
ductibilit6 calorifique du cobalt, du  manganese e t  de l’arsenic, . . . . Je 
prendrai doiic par hypothhse poor coefficients d u  conductibilite 6lectrique 
du cobalt, du niangnn&ne, et de l’arnenic les nonibres 1580, 1000, et 200.” 
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trical conductor x heat conductivity of better electricul con- 
ductor the thermo-current flows from bot to cold in the worse 
electrical conductor. 

Dividing the inequalities through hy the product of the heat 
conductivities of the two metals, the statements become :- 

of better electrical conductor If el ectrical cond ue tivi ty 
heat conductivity 

>electrical conductivity 
-= heat conductivity 
thermo-current flows from hot to caad in the 

of worse electrical conductor the 

{ ::2: 1 . 
electrical conductor. That is, the current flows from hot to 

electrical conductivity 
heat conductivity cold in the conductor €or which 

is the greater. 
In the original form the law was tested by a comparison 

of the 210 products of the electrical and heat conductivities 
of pairs of the 15 metats ; in its present form it may be 
tested by a comparison of the 15 quotients of the electrical 
by the heat conductivities of the 15 metals. 

I t  may be noted that the electronic theories of conduction 
of heat and electricity in metals make this quotient the same 
for all metals, and that these theories and that of M.Thoinzls 
are therefore illcompatible. 

Tn selecting the experimental material with which to test 
M. Thomas’s theory it is important to remember that both 
the electrical and the therinal conductivities and the thermo- 
electric properties of metals are influenced by the presence 
of impurities, and that i t  is advisable to use only results 
obtained with pure materials. If, however, results for abso- 
lutely pure materials are not available, those for approximately 
pure materials may be used, if in the case of any particular 
inetal the impurities in the samples used in the different sets 
of observations were the same in amount and in material, or 
better if the whole of the measurements have been made 
on the same material. Fortunately in the present case we 
have the experiments of Jiiger and Diesselhorst *, who 
determined the quotient of the thermal by the electrical 

* W. Jager and H. DieEsekorst, Wissenschnftl. Abhcrndl. der Phys.- 
T~cAn.-ReichsnnstaZt, iii. p. 170 (1900). 
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conductivity and the thermo-electric power of each of a 
number of rods of very nearly pure metals. Their results 
for the quotients of the two conductivities hare been con- 
firmed by more recent observations made by other methods *, 
while t.heir results for the thernio-electric powers of the 
metals agree with those obtained previously for approximately 
pure metals t. 

They may be used therefore without hesitation as the hest 
results available at  the present time for the comparison of 
M. Thomas's theory with experiment. 

The following table contains their results a t  18' C. for 
each of the metals tested. Where they give more than 
one result that one has been used to which they attach 
most weight. The unit of heat is the watt second ; electricai 
conductivity is expressed in reciprocal ohms per centimetre 
cube :- 

+3,2 
- 0.3 
-0.1 

0 
+22'3 

I Conductivities, 

-0.3 
+3 2 + 3.0 
+ 2 9  

-19.4 

Metal. 
thermal I electrical. 

Aluminium ...... 
Copper ............ 
Zinc ............... 
Silver.. ............. 
Nickel ............ 
Cadmium ......... 
Gold ............... 
Lead ............... 
Tin.. ................ 
Platinum ......... 
Pnlladiam ......... 
Iron ............... 
Bismuth ......... 

electrical 
thermal. 

1 5 7  x lo5 
1.50 
149 
1.46 
1.43 
1.42 
1.41 
1.40 
1.36 
1.53 
1.326 
1.19 
1 *04 

Ihermo-electric 
powera in micro-volts 

per degree ; 
with respect to 

copper A. 1 lead. 

The numbers in the second and fourth columns are those 
given by J ige r  and Diesselhorst, the third column contains the 
rcciprocals of those in the second, the fourth gives the therino- 
electric powers of the metals with respect to one of the copper 
bars, the fifth has been calculated from the fourth and gives 

* C. H. Lees, Phil. Trans. Roy. Soc. Lond. A. 208, p. 381 (1908). 
t K. Noll, Amz. der rhysik, 1%. p. 874 (1894) ; W. 11. Stcele, Phil. 

Jlng. xxxvii. p. 218 (1894). 
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the thermo-electric powers with respect to lead. The signs 
have been reversed to comply with the convention which 
makes the thermo-electric power of a metal positive if the 
current flows from lead to the metal through the hot junction, 
i. e. if the current flows from hot to cold through the metal. 

If the laws statell by M. Thomas are true the numbers in 
the third and fifth columns of the table should increase and 
decrease together. I t  is seen that as the numbers in the third 
coluinn decrease those in the fifth change irregularly in 
magnitude aud are sometimes positive, sometimes negative. 
They afford therefore no confirmation of the laws, but on the 
contrary disprove them. 

The following diagram, in which each metal is represented 

ABBCISSX : 
QUOTIENTS OF CONDUCTIVITIRS. 

ORDINATES : 
THERMO-ELECTRIC POWERS. 

by a point, with abscissa the quotient of the electrical by the 
theririal conductivity and ordinate the thermo-electric power 
of the metal, shows perhaps more clearly than the table the 
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want of agreement of the theory with fact. On the theory 
the current flows from hot to cold in that metal of a pair 
whose abscissa is the greater. According to the observations 
the current flows froni hot to cold in that metal of a pair 
whose ordinate is the greater. The two are only in agree- 
ment when the line on the diagram joining the two points 
corresponding to any two metals slopes upward to the right. 
It is obvious that the number of exceptions to this rule, even 
for the metals dealt with, muet be almost as large as the 
number of agreements, and that the laws enunciated by 
M. Thomas are not supported by the observed facts. 

XIX. On a New Alethod of Deterniining Thermal Coizductiaity. 
By H. REDMAYNE NETTLETON, B.Sc., Assistant Lecturer 
in Plys ics  at Birkbeck College *. 

[Plate V.] 

(1) Introductioii. 
(2) Theory. 
(3) Application to Liquids. 
(4) Appamtus. 
( 5 )  Method of Experiment. 
(6) Results. 
(7) Calculation of Thermal Conductivity. 
(8) Conclusion. 

(1) Introduction. 
AN expression for the concentration of a solution in a 
vertical tube along which there is both movement of the 
solution and diffusion of the solute has been obtained by 
Dr. A. Griffiths (Phil. Mag. Nov. 1898), who pointed out to 
the author that a similar expression could be obtained in the 
case of thermal diffusion and suggested the present investi- 
gation, the object of which is :- 

1st. To find the effect of impressed velocity on tempera- 
ture gradient. 

2nd. To test the practicability of using such artificially 
* Read February 26, 1910. 


